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EXPERIMENTS WITH PLANING SURFACES*

By V?. Sottorf

A previous report (reference 1). discusses the experi-.
mental program of a systematic exploration of all questions
connected with the planing problem as well as the first
fundamental results of the investigation of a flat planing
surface. The present report is limited to the conversion
of the model test data to full scale.

According to Froude!s method, the results of model ex-
periments on ships are converted conformably to the for-
mula

where w is the resistance of the full-sized craft
.

total model resistance
.(> “

Cm fl ~Va, frictional resistance of model

Cs ~! ;Tp, frictional resistance of full size

in which

cm is tile coefficient of friction of the model

Cs, coefficient of friction of full size

f!, wetted surface of model ‘.

~1, wetted surface of full size

——————______________ _____________ .———..——.-—...--— _________________

*t!~er5-dc~e ~iit Gleitfl!ck:ci?.” WerSt-Reederei-Hafen , Octo-
ber 1, 1932, pp.. 28:s-;;i]o;~e”~ru~ry 15, 1933, pp. 43-47;
and ?JarcF~1, li:33, ~p. .,-61- L’IL..
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v, speed of model

v, speed of full size

,=1 density of water
~’

. . .. .,.’.
.-.,. “+9.,’s’(iZije

.,. .Tilc ~ric-tion~l resistance “is subtracted from the ueas-.,
ured..model resistance, and the residual resistance, con-
taining form and eddy resistance, is multiplied by the
third power of the scale, so as to give the form and eddy
resistance for full size. Lastly, the frictional resist-
ance for full size is added.

The calculation of the frictional resistance of both
model and. full size is effected with friction coefficients
obtained from towing flat, almost displacementless surfaces,
in which it is assumed that the boundary layer condition
affecting the coefficient is the same for both ship and i.ti
model. The wetted surface ft is developed for the model
below tlie water line at rest and is assumed equal to the .
wetted surface of the model under way. A further assump.
tion is that the local increases and decreases of speed
that appear on the ship as the effects of displacement
flow and the wave system, are to be disregarded relative
to the r:,odeland ship speed used in the formula. Searching
ailalyses of trial runs have shown that the accuracy of cor,-
version with ship-model experiments averaged +2 percent of
the power and *1 percent of the revolutions, thus demon-
strating< that the sinplifyiilg assumptions nade in the con-
version formula are permissible,

T~~ie.conversion of the towing test results of plr.:’,t.~ig
w,ater craft , that is , especially of planing boats, airple.ne
floats and hulls to full size, is not possible with the
same nethod because:

1) !lhe wetted surface ckan,ges with the speed and
With the anSle of trir~;

2) The mean speed of the water on a planiilg surface
differs substantially fro];~the towing spee~l

,,-’ as confiri;ed by the press~i,re measurements of
,,

reference 1;
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:~ :,:.:.3)j..At.usmalIer. scales, the fri~$io,n,,.coefficients
.. ...at ecpzal Reyjlol@s.,iyurnbersmay assume differ-

.(,:;f:;: : ‘ent values,” dejefid~iig;-fip~ntihether the
rq-:.:s.!.xi:? ,::~boundary layer is laminar~ar “tu.r%ulent, or

turbulent afteT. lam3naT;,approach* ..
s

. . . . .

...”~~SCALE~TESTS.”lVITk~PLA~IifG SUK?ACES,..:
. . . } .,

,-,, -. ,. . ..
.. .. . . ... . . .

In”oklier:to clear up the:sef.!pbintsthe;planing surface
tests were’~.carried,through to:point 5 of the test program.
It was slidjtiii.~reference “1) th;at)the total ,resistance of a
flat bottdti;ih pure planing condition, where top as well
as side efl.g6sare i’reeof water. and hence only under atmosp-
heric pressure, is

. . .,:,,’ ,, ,,.“
,. ;).,,. W = A. tai’a + --&
/“ . .!‘.“’ ...:,,

The horizontal. component of the frictional. resistance then,...
is .,,,”:.’ “,’,, .“

..
WR.= If“- A tan a,..: ,. . ...

.. .
and,the fr’i.ctioyal r.esi~tance parallel to the surface is

,.,. .,,,
i’ = ~R COS ~

so the coefficient of frictional resistance is
., .
,..

Cf = -–-~––--: .,,[.:... “’~”t: .vm2
i. .

Here the wetted surface is introduced as a measured quan-
tity and for the det,erminatioi of the mean speed ‘vm of
the water over the planing surface, the reduction in speed
vu = f(~) in referer.ce 1 is resorted to;
..,: ,.
.,; .Start3ng with’ rufi i~o; 42-.52.(referenc4 lj}.page 12).
,with.tile flat planing. surface.’;~ of blc=~0.3.:m beam} at
:6 m/s speed and 18 ~g,lcIad, the, invest igat~.on,~is,cont}n-
ued conformably to. the qroude l~w &Il “five Ot-a,@.rS’imilar
plailing~ surfaces..———4——L_ ,,.-_-_..._-,-,.-.._.._.......-_.,_.._—.-.... ......-......——..-----.—-.-—.-..==...=--:L.:.=--—- —— --
m \:;39,3.7.= in. /~.sx~ .280.23 =~f~t.~sec.:. k.~:Xk.2,’2~~’6~ =

lb.
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Nor a similar planing slirface of beam %2 tile scale is
.b~.,.. ,

the~~f’h”=’ “-–., the “c’orretiponding speed~:1,:!
V2 = A/xvl and ~., .,...,

t’<e’“I’o’a$..{A.z.= ~,3.“&.Li The test schedule for the six plan-

in~, snr~h.ces:t,ested,”~is.as follows:
, ,. . . .. :

P’

,

————_G-_.-_~_.

surface
—-..--,--.,.-,---—--“:*,.

:(A)
..3:.,,,. ,’
““4 ““
c
a

6
.———--..-.-.-——.-—.

-_-.-,—————
b
m

--L. -—.———

0 i 600
0. 300”-’
0.225
0:150
0.100
0.075

-———..-.—._—

-.—.-———.——.
v

m/s
.——.-.-——.-.

8.48
6.00
5.20
4,24
3.46
3900

-————.-—---

—————.- ————
A
kg

.---——— .-.---——
144.000
18.000
7.600
2.250
0.660
0.281

..-——..——— ——
,,,

The different surfaces were tested “at constant load
and speed and varialle moment , aad in each case the re-
sistance, trim, aild wetted length were measured.

The test set-up for the two larger models is, in

p.rtnciple; the same as descri?)ed in reference 1. On the
smaller models the dynamometer and the trim rods were dis-
coi~nected for the sake of accuracy, and the rneasurenents
are ~~ad.eas pendulum mea.sure:~]ents,using a very flexible
S~Tij2g. The planing surfaces are located behind a wind
screen, thus avoiding ail~~air-speed effect.

RESULTS

Tabulation of Test Data

a ~-;p{’~-::’:-~;i:-”~---;:l-:;--:;-:

—.-——————-.——.-—..-
Run
NO.——— 1———-—— .-——— !———.-—.-.-————

Surfac$e 1: k = 0.6 m, A=144k~, V= 8.48 m/s .,:1,~,
‘p, ~;,\:: ,., --:

1-------””-”-
deg,min. J“.;..J,)1 F 3,:Fi ‘~~~ji,<‘;-

1 4 46.77 2.318 0.1402 1..430 8.75X10S
.;q 0.00279

<> 8,)’~ 1.816 0.1403 1.373 7J67X10G 0.00287
jl: ‘-’-5 34,J7 1.733 0.1410 1.1s4 6.62X10G 0.90285

\,13&4 5 Z4.57 la766, 0.1403 1.122 I 6.62X1O= 0=00280

,7

I

●.

/.3+”5

[

G 5,08’1.360

L

0.1410 1.000 ! 5.45X106

-.1-

0.00285

\,\S ~ ~. 52,? 1.167 0.1438 -
.,——— ————— -———.-———— --------.-—--—--.-—,A-----... ...--_________________________

*AXis Of luomellt is after edf;e of “plalling sUrfaCe.

‘1I
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Surface 2: b = Oo3 m, A = 18 kg, v = 6 nl/s

6.41 Xlo=
4.22 X106
3.98 X106
3.68 X106
3.56 XIOG
3.26 XIOS
.2.63 X106
2.545X10G
2.28 XIO=
2.16 XIOG
1.41 “X106
1.315X10G
1.000Xi06

~?,‘-j

0.00327
0.00333
0.00333
0.00348
0.00339
0.00343
0.00317
OoO0338
0,00332
0.00339
0.00331
0.00334
0.00331

deg.min.

2 36,@
3 47.78
3 58.97
4 10./7
4 15,2s
4 26,+3
5 8{13
5 12,.Z
5 31,5.%
5 4c),b7
6 53sf8
7
7 54,9b
8 58,77

9 3495i

/
4.670
3.050
2.918
2.700
2.600
2.395
1.935
1.885
1.717
1.6S4
1.060
1.000
0.’783
0.606
0.544

7
8
9

10
11
12
13
14
15
16
17
18
19
20
21

22
23
24
25
26
2’6a

26’b

26c

27

0.1845
0.1600
0.1566
0.1567
0.1540
0.1508
0.1442
0.1470
0.1460
0.1460
0.1505
0.1505
0.1595
0.1695
0.1760

2.660
2-145
2.060
2.015
1.840
1.760
1.171
1.416
1.308
1.215
0.836
0.765
0.570
0.450
0.405

Surface 3:
,% j ~..

b = 00225 m, A = 7.6 kg, v = 5.2’ m/s

27.Y5

5’7,’7<
37JJ2
414 ~
40.67

3.450
2.850
2.010
1.560
1.110
1.110

0.1710
0.1622
0.1520
0.1486
0.1520
0.1520

3.07 X106
2.52 XIOG
1.762X10G
1.360X10G
0.955X106
0.955X106

0.955X10G

00955X106
,,

0.690Xl@

2,313
1.995
1.355
1.090
0.828
0.828

0.828

0.828

0.580”

0.00355
0.00362
0.00368
0.00372
0.003’74
0.003?4

8$
roughened

0.00420
16%

roughened
0.00541
32$

roughened
0.00371

3
4
4
5
6
6

6 38,63 1.125 9.1560

6, 38,63 1.145 0.1683

7 0.822 0.1613

Surface 4: ~b = 0.1,5 m, A 2.25 kg! v = 4.24 m/s />;~,,
~,

l$),sj

4 43a72
5 30.s~
6 12,~’

8

O“J2QGc1
0.1720
“0.1645
0.1623
0.1578
0-1662

2-.380
1,817
1.534
1.;?68
0*993
0.504

1.19 XIOG
9.86 X105
8.10 X105
6.37 X105
3.57 xl&

28
29
30
31
32
33

+$-+~()

2.467
2.053
1.698
1.350
0.787

0.00439
0.00452

a

4

0.00445 ~’~
0.00427 ‘
0.00411 ‘;{g

~,
j>::;.,

..-1
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Silrface 5: b = 0.1 m, A = 0.660 kg, v = 3.46 m/s ....

34
35
36
37
38
39
40

41
42
43
44
45
46
47

?

ieg.min.
2 –-3-+300--
4. “ QQ”
5. 4J? 2.150
5 ‘29,+ 1.820.- 56,~; 1.500
i 8./ i.000
8 0.750

-OW2-8-2Q”
-%2-%8-
0.2000
0.1880
0.1788
0.1726
0.1803

Surface 6: b = 0.075 m,

2

“+

59.5[ 3.860.
3 42.7a-3-~2.~Q..
4 “<-._2.CKl

1.535
; 9;15-1.000
a 6*IQ 0.868
9 32, 3 0.667

I

....0-3222.0.
,.--O....2..02.5.
..0&W5Q
0.2110
0.1850
0.1911
0.2100

--% 1-35
--1-.755
1.5s5
1.255
0.952
0.640
0.444

A = 0.2

..2,300

2.155
-Z. 450
1.040
0.480
0.414
0.203

6.82X105
5.59X105
4.71X105
3.97X10S
2. 51X105
1.85X105

//5,5

0.00634
0.00584
0.00575
0.00574
0.00573
0.00651

lkg, v= 3 m/s ;(““’

G.63X105 0.00768
5.42X105 0.0075’2
3.82X105 0.007:;0
2,56X10S 0.00806
~6~6x10s 0.00675
1 .40xlo5” 0.00718
1.03X 105 0.00872

Mean rednction in speed over tlie pla, hing surface Vu= V-Vm.

‘CT. = 2° 4° 6° 8° 10°

VE = o ● 470 1.3$ 3.4$ 7.2$ 13.2$
.,

IiSure 1 ~shows planing number c = A. versus trim an-

gle u for all investigated surfaces. It is apparent
that the smaller the scale the less favorable c becomes.
It is particularly notable that the change from the condj.-
tions in which the- edges of the planing surfaces are wet.
to that of pure planing occurs at very small trim angles ~.f..

for the larger scales, while at. the si~all scales it occurs
at larger angles the

,,;~$’‘:’
smaller the surface as seen from the ,, Pboundary curve. This demonstrates the dissimilarity of “ Jibflow pattern when the scale is too sn.all.

Figure 2. gives t~e friction coefficients cf =
~R COS ~—————.— _ versus the Reynolds l~~.ill-i)er R= :%31: . The
~1 ; vid~

cufves I, II, and III show the experimental points that
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.,,..’.

have been obtained in “fri,ction tests by the formation of
~~larninar,,”turbulent, and turbulent,, bpqndary layer wit-h lam-

inar .a~~ro.ach. According to the tests in~-this ‘range, the
alte.~fia:tei:”cre.a:tion,,of different conditions of the boundary
layer should’”re,~~zl.ti,~~,nconsiderable variation in the coef-
ficients.., In “c:antrast, it”can be stated as a most impor-
tant result ‘of these tests,: that the scatter of the coef-
ficieilts corresponding to ‘,asingle surface is very small..........

It should be noted that the whole scatter of the
points” applies to the frictional resistance WR of the
formula, as a re”sult of which, at higiler trim angles with
a correspondingly smaller proportion of ~~R, there must
result ~n appare~tly greater scatter. Furthermore, the
wet’ted length 1 and correspondingly the wetted surface
Fl, e-nter as measured quantities as a result..of which the
scatter for small wetted lengths increases because of er-
rors of reading of small absolute magnitude.

The individual test points were determined partly in
entirely calm water, as at the beginfiing of the runs and
after stops, and partly in slightly rough water. Conse- ,,’~

quently the small scatter of the test points attests to
the existence of only a single temporarily stable form of
the boundary layer. The values for any one planing sur-
face are approximately constant. The coefficients increase
as the mean Reynolds Murnber decreases. At equal Reynolds
Number the coefficie~~ts for the different surfaces vary,
which is explained by the fact that the trim angles of
the surfaces and as a result, the mean pressures ancl the
pressure rises at the leading edges are dissimilar, with
coasequerit effect’ on the boundary layer. The differe:lt
roughness of t-ne planing surfaces -presents a possibility
of influencing the coefficients. To ascertain whether the
different degrees of roughness at the leading edge of the
wetted surface may influence the coefficients which lie
below the curve of tll.eturbulent friction, the roughened
surface ITo. 3, for co~parison with run 26, “in which a wet-
ted length of 250 mm was observed., =as further roughened
over its whole width for 20 mm, that is, between 230 and
250 mm of its length, and then, consecutively, for 40 mm
and for 80 mm. The result was that the first,.,.- 8 percent
roughriessi produced rio increase in resistance, the second
uit”n 16 percent rou~;heniag, a 12.3 percent increase, and
the third, rith 32 perceilt rougheni..lg, a 31 percent in-
crease in resistance. This siiows tkat the boundary layer
condition underwent no cha~ige with 8 percent roughening, v
____________._..._.-_..._..------.,.._..-,.,.,,,..........._.,----....__-,________,_______.. .
mm X .03937 = in.

—..— —. -.
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,.’” “
an,+”that an inc~rease in~’coefficient a“s roughness effe”ct
oc;g~,~,sonly.’with extensive roughness.

.. ..,,,...,,. ......
.,.;”,”’.~ijeSi;.rtacecoefficient ~1/& an,d moment coefficient

M/,Lb. .are”pl.o,tte’ilagainst a in figure 3, No legitimate
de.vi.at,ion.from a mean curve being established for both
factors, it may be stated that within the range investi-
gated, similarity of wetted surfaces, similarity of mo-
ments, and hence similarity of pressure distribution does
exist.

SCALE TESTS WITH FLOATS

The investigations thu-&=faP”are applicable to one
load case at a speed where the pure planing condition has
developed. But in float experiuelits the region of the
hump resistance wherein this planing condition is as yet
not fully developed, is also of great importance. So, in
order to ascertain the effect of the scale on the hump re-
sistance, a series of tests was made with floats of differ-
ent scales. The first test was a towing test of a single
full-sized float type HSIE at a load of 1,200 kg - equiva-
lent to half the, gross weight - that was carried to the
maximum speed t}.a”tcould be reached free to trim in the
experimental tauk 9.5 m/s. The load on the float was re-
duced according to the formula

E=G–y:
Vs

where Vs is the ‘get-away speed = 23.33 m/s. The load
was not reduce’d to correspond with the change in trim as
it is unnecessary in a study of scale effect. The center of
gravity position in height and length, as well as the point
of application of the *owing pull was fixed. The .resist-
aace and trim were measured and at one speed the shape of
the spray in a plane at right angles to the float was, also
deterc:ined. Other scales selected were ~ = 3; 6, 9, and 120

Each model float was tested u~{d.eridentical conditions
conformably to tile j?roude u.aclellaw. These test series give “
the effect of the scale on resistailce, trim, and shape of
spray at the same moment.

Other test curves were obtaiiled in .tlieregion of the
hump resistance by briil~ing the models “t:othe same trim
condition by altering the moment, as the full-sized float,



These experiments give .th’e:effe;&t’”of’ the’ scal:e on r“e.sist-
ance and moment at. the same trim; that is , the actual
scale effect resultiag froh”jttlb”;clla~ge in-~fri~ctio”i coeffi-
cients if it can be assnmed that at- the same angle of trim
not on3y t’he-@laning.’snrfa’e-es‘tind;ek’pres3ure+’%ut also the
areas of the after -oody wetted hy the spray, ,-are similar.

:.1.-,.’’:,.,.,..,., .,.,.,
.-

.. .. .,. .’.:RE5UZTS:- :’ . ~’”-”” .,
,“a,f;:;.,;,,; ............... ,, ..’,,.’...’..-.’-.’,.,,.. .,, ,,.. .. .,:......... ...,.,;.’.,.. ..... .. .... ......’..

Figures 4 an? 5,giv,9 .resistai.ce and trim. anGles of.
““the’ full+.sc”alieflo”at:and “also of the model floats, for

which \.W = w X3 has been idesired. For instrumental rea-,,
.:sons, :the,,firlst ,full-i~zed; float ttist””couid:not be run ““:
above 8.75 m/s; only; in t-h$ next test ,:with,a different mo-

~:.ment could th~e“riaximnm““beclearly’ determined.,,,,.

Figure 6 shows the manner in which tlie percentage of
increase in f.esista”iice”.”v.tirlies“wi”tll-A ‘“at”max.imurn resis.t-
ailce when n = coilstant and when a = constant:

. . .
J,, ———— .—. _____ .__.: ___

~ ,...1
A ~ IiJ“=~C“ori’iii’ii––‘~1-~~~~~~~-‘_._&---_:_--._.:-_..--: . .... . ‘“

“ 3.5 pe’rcent ‘ 8.5 percent
6 II.~oo “II ‘ 10.5
9“ ‘l(j:~ ‘,, 1“7.0 II.’”

12 2’1.5 .11 ‘- .“ .25’.0” , “
.:. ., ... .

‘“The. arigl’e%of trim “p”rior to ““reaching the hump resi’s,t-
With tlie beginning of the. p.lanixig CO.n-acLce are ‘th:eQar.n”e.’

‘.ditio”n, .a “Uhift”of the trim a,ngle gccurs ,w~i-cli”,.for th’i,s,
series o;f,t”ests”amounts to about 1. b,etweeri,,e,pc+of ‘“the
scale”s~.sel’e’cte’d. The increase in re.sik,jii~.e”$“Oi,a;‘S,i9gl~
snrfatie”:is’ pi’h”’cticallyconstant,. t’ne .peibqntage’ of incr.ea~e
the”rk”fd%:e;rises’ as the speed. The chang~ f~orn h.,=.9 to
h = 12:-“is accompag$e,d by a marked increase in resistance.

,, .;.

.,‘The effect of this ‘increase on the &~et-aw~Y time de-
pends on the magnitude of the propeller thrust. The get-
away time is ..... ~.s. , -

t= E”J_l d??
gos-~

. “.’. .,., ,.,.
,. .. ... ,,,.. .. ,,... . :...’

—



.,,: :,., .,, .’ ‘w; “-”’”:”:”-total ie$lst$n$e = Gater””+-aii resistance‘;, :’,,:.,.,. .“.:...,,.,”. ,,., ......

T s, get-away speed
... ,;, . ..

If the resistance cur~e”’of”’the full-sized float is
extrapolated from the test curves of the different models,
the, iiicrease..i.n the ge,t-aw:ay.,t.irne.~}>u?d,,.~e .,..
—— ~‘-”-”----::>-%——----—--—-----n:-.---”----

:;:lo~~:YF~

...._-L..--–._ ‘ R““-::&...-..A;t’”” ..––:i-...–::_:l:-:L!-z!:_z!:_.l-L>-
.,,2,0%’Je,x~ess.’thr”i~s”t,a.t ih~ hump: ,~:.*~~,..~~;’.cjd, z~ ~g

40$ II .11’11
—.-.-——-—— -----—.——.—.-——— —..-.-——— —----.—.- _–._:_Ll-- .-:___ -.-.-––..-_:

.. -!:.,, ,.,‘.-;,
-,.,

EFFECT oF sc,Afik’T3qsP”i&Y “FOIiMATION
.,’:,. .’ ,...

The form of the sheet of the”spray in a transverse
plane 0.5 m forward OR th~ s~t.ep;,w.as.recorded by means of
mess’u.ring rods for t~he f~all-siz.ed float at a speed of 8.75
m/s afid for tile Iijode,l’satj cor:re.sp:dn.dingspieeds a~id corre-
spending lo-cations: -T’he results:’converted: to full size
are shown in figure-.7’ti~B&aring in ~uiid”th?.t ilo sharp trans-
ition from the spray;’co”ntacted ‘space .ti.the free space
occurs, which might result in a certain scatter during
the iteasi~re~:itint,i’t;“~wlll‘tie“.n:cit<edt“ilatthere is cle.-arlya

‘“reiilict”i”on-of tiie’rel~’”t.:iti’”e“’h~eightof spr.~Y..a.sthe model he-
come”s srliall:e’k,..’”th’edrops” fo’kmed%eing of t.TA”e!Sar.e .size Jbe-
cailse””’oftlie” S:a~i6surfa”c~ ‘tension of the waker at all “.”.

“:Conseqtieri+ly’,s.oa~eso’ if appendages o’f t.lie“model lie in
tiie”spray, such ‘“”asvving”-tip” floats , stub-”iring st’ab,ilizers,
or iaridi’nggear of ,-a’hpfii.~ians, they are washed d.is..similar-
ly by ‘tiliespra”y at ‘djff’erent scales. The “d:ifferenc:.din “
sgray formation is readily apparent in the comparative
run s’“’:o.f’t’hG’“n-odels a.’t ~ = 3“ and h = 12 (figs. 8“-’and9).
.,’ ::..:

SELECTION OF,“SCALE
,.,.,.

.<-
+?rjct,ion~l resistance!Fecanse of the e:t.feetOf ,. the

influence of the sc:~”leis dependent on the magnitude of
wetted svrfaces. T$lese in turn are, with equal load, de-
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pend:eut o.n the. angle of dea..h~~rise >pd the: !sh~pe .of the
,,_ fl,qat-:aft of the’st,ep. Consequ.e.ntly,,:the.(data obtained

I l~”itk:,,on.e spe.iifit;”%YP6 o’f--float: can.,;otilys’etv~”as’ a refer-
ence for the limitation of t’he scale.

,,.,., :mlle~,f-irst,:stipulati on” .1s.th~t. the flow conditions of
mo<l,el~nd;full.~ si,zb shall’ be ~iml~ar.. Referring the width
of the: float of::0.957,:m ,a.s,frill s:ike.:to the planing sur-
fq.cesiig:ivek surface .ifoi 5 a::sc?le: of h = 9“,5.7. At mean
triti”surf~ce No. 5:dock...notpfo’duce. the pure planing con-

..!!d~ii.on:as:at ,the larg,er;.scales’; ‘.~hus the planing ,experi-
ments show .tila,t,’b~g,inning at .<L::& 9 the flow pattern is
partly dissimilar, for which reason no further reduction
in scale is advisable, a fact confirmed by the” marked in-
crease in resistance .%’ettieen”.’X-=-9 and h= 12, ~~

If, in view of the $rict ional differences, it becomes
-impossible .t.o convert the.:.model data to full size 8.s illus-
$,rated, then the.second” Requirement is, that even when the
scale -effect is disregarded, results. shall ~e obtained

,::~.:which vary only within the usual limits of accuracy in mod-
.. ‘el te”sts.from” the true figures..... The float. experiments have

shown thet.with” h = 4, the maximum resistance is exceed-
ed by less than 5 percent, the trim an~le differs only by
about 1°, and the Set-away time is give-n only 4 to 5 per-
cent. too high at 20 to 40 percent excess of thrust. Also,
the snray with this scale is practically the same as for
fllll,~ize.., It is.therefore advisable to investigate floats -
of,this order of nagnitude at h=4.

1.

l’”
.,,.\ .,.:.l’or larger aircraft, ,such as flying boat.s,.:,itis not

,,
II

--fiec.e,ssaryto hold to this scale, for tl~e char:t..of.figure
2 clearly shows,“;’ that with further increase..in the dinen-

,, sions, the frictional coefficients do not become part.icu-
larly smaller. From the point of view of load, the float
of average size may” be considered a model of a flying boat
without producing a notable change in. the friction coeffi-

~k cient wit-bin this range of enlargement. If.x for instance,
1, o,ne is dealing Witl.a gross wei~ht of,9,t300 kg., then at a

J gross weight.of 1,200 kg of the float “t,he scale is :

1’

1“ii.’ ~’=- .’” “:’” ‘~200 =,,2_,A model of the flying heat..at,:a scale

.M .-of ~...~ ~
4.’:X2-:=‘8 will therefore give almbit Vile’”same ‘~(,

accuracy of corifersioil as the i:odel of t:iefloat ati~a’scale
of ‘h”= 4. Yaturally, a, larj;er scale ‘is to be pr;ferred,

,;,, .:S~30uC 1. = 6, .
!, if”’the test equipment permits” the use of
If
D such: large mo”dels. 3y the construction of its riew”tank

114
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for t:bwii~.gat-.,.high speeds, yhi.ch ‘was described in W.R.H.
for~l.9:31;!”3io.,411,, the ~arn’btir~gi“s”ch”e“Sch i~fbau, Ver swchs..an:-
“s’t.alt:has: .pr,o.v,idedthe e,quipment for ~s:i’ng:,.these large.. :
models.

. . .,,,,..!.,..,.,.:.. .“,.”::....’
.

On :tl~.e:.ba.s,i.s.of tests of ,different similar planing
..+:,:,

.“..:..::

:’%~if.acesand .,~.ifferent similar float’s‘t’lieeffect. of the
se-ale of, t,Qe,model on the conyers”iono f-.tihe.’res,ul,ts to .,:
full size is .Qlscussed for the “case wh’efe’”’theformula,. ap’-
pLied.,,tOJ.the ~o,pversion of tests of:ship’”.models, which, ,..
ti~,kes::account,of “the different values of the friction tio6f-
ficients fo~, model. abd full siiej tiati~iotbe used. ..... ..., .“...... .‘.’. .... ;.”.....”..,’ ,,..:’ ..., .....,.

,.. .
EFFECT OF T-BOTTOM . :. ‘ ,, “’,”. ...... ...”’..

:! ... ... ,,

. ~ V- b.ot:t:oms:are used in.“s~e~plane design ‘in order to re-
,

d’ace the shocks on the b,o~tok kluii”ng% ake-of f and. landing”‘1,
in a seaway, wh”ic.h“may,.~,e’c’o:rn$”“S-e”vera.ltimes great er than,
t.he~gross weit~~t “of the ~i’rplin’e; We” refer here to Wagner!s

““‘r”epdrt (refer eqce’2) Afi,d”:”P~bstfs“rejor-t (reference 3)0 Fig-
.“.ure.~(), ~,~hich.gkiows t~e .r~du’ction of’ landing impact ‘with
increasing angle ‘deqdj’rjse compared to tile flat bottom,
{.~asta.k~n from Fab.st!s“”&jiti“cle: i20vever, there is a limit
to th~:ang.le of de~d. r’ise’’”%~causethe planing resistance
Is’-aminimum when ti~.e,h.o”t”t’o”rn’.isflat and rises as the dead
r;ise- becomes ;;reate.r..,~ ?T@”j.,s ‘weans , ~lroviding there is iloth-
i~g else to prevent jth.e‘take-off, a substantially longer
take-off run, and tile opinions of the” designers relative

~ t-.o,the’”requirements in a seaway are still very much divid-
ed as to whether, a quicker get-away witha flat or slight-
ly V~d bottom or. a longer take-off with pronounced V-bottom
is more advantageous.

‘., ,

Qualitatively an increase in resistance is obtained
with increasing dead rise, according to the following anal-
ysis: consider t-n-atpart of a flat-bottom float which, rel-
ative to the direction of motion, is:straight;, in a, fric -
tionless fluid the. resistance is W = & tan U.if the load
A is Siven. on’ a V-bottom (fig. llc,) the normal p,re.s”sure
o-n each side .is N/Z, ,.,and its vertical component A/2,
where ~ .i,.sthe total load carried ‘by’the two side s.! The
lo,ss ,corn~,,oneilts.ij/2”“’ar”ec~a.celed. T1l.e..reeista,nceis the
sUI~ Of .$-~eCOmp O:.-i6”htS ia the d.irectio.n of rno.tion: 7i/2 =

‘ .A/2, tall ~j ,t~~~,tis, ‘W = A tan CC. &ccmrdin’gly”, i“na fric-
,.,t,io’nl.es,s~.,fluid-t’llq j:esistajlce of flat- and V- bot~oms ,is
the s~;.liie. ““ ‘:”” ‘“: :

...,
....:,.;..... . ,,, ..
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.; ..,. .-:lfia ,v:is~o.~s.flqi,d (<~g~ .l.~,b)‘the f.ri,ct.ion.,,,.~, ,beCOmes
add”iti.ve:i:.”I-ITh6n: :~:s A;:tan.a +. T,./c@s:CL.: (2: ‘is.,aFprpx-i,m,ate-

Yl,j..~.h.ic,h.incre”asesiy~ pT.O”pOfr*-’~:Ofi~ll,to: the ~m:ett cd’:,su~.f~c~- ~~~.

wit VW:i,n-c.r.”ease: of::the.”:s!urrr.Of,Lt,-h:eno rm.al f,o.rces. ex.e.rt,edon :
e:ith.’e.r.side o f “tke bo,ttom;.to.-R,emer:ate,:.th e..I,$f,t Ata N ,..~n.d
C’il-11’s:.e’.quti:d.k‘Ly .F~ and” T,..‘.a-.r~lnin:imu.mfo,T t~.8 .pl,an.p..su.r-:

-:fa.’ctivvh.e”re‘ N f:al’ks’in :tlle,.me di.an :p.1.a.ne.,whe,r@as. ,2?,’and
Ccmskq:uentl.y 3’11 ail”@ T:’ incr eas e..-steai,lyly:wl,’th.the iw-
cr-e”asin”g dead” rise.: .kc co:i-~ingly ,:, ,th e tOt.al-:.:reS:is:t,~n~ce .of.:
a V~bb t.tbri~.:.iu”cieas es with .’t’hed;ea’d.ris.~~,.“:Tiie“percent $o.-,j

‘3+”efLse :i~”~ erformanc.e .du”.&.*O ,thef.d;&adri.se is great e.et~~jat”
““’””~~a~..a.fig”les.:o.ftri:m wher 6-.t”fie~>?.”opcIr:tiOti‘.O,f the frzC~~O..ll.-
a~ lio ‘the tot~al res’i.stanck:$s .gr’ezitesti.,as,’seen fro~a:th,e;,:
total r-bsistanc”e distribution (fig. 12,,’:referell.ce1) . ~;,
.,. .... ,,... . ...,- ‘“: ..... . ,,,.. ......:. ,...

““Anothe’r”flisadvafita{je”
,,, .

!:.,:,.:, of V-ho tt.oms is the mu’ch.g“rea.t,er
“Sfi”r’::.y“forriation at”“th’esi’de:s.~wi~icn,through impact on:a~~,

~l~lltiu.~ythe. ~.r.e~~iste.nce and e~.dangerpe?ld:~.ge.s n.a.Y ,., the.,pro:
.p:el:lorand. tile control. surfaces. T;his exvlains the atteilpt
to kcem tl~e spray ,a.t a min,imuu..h,y special’ ,desi~n.of the .~,
edfies ~f the planing bottom. The purpose of the invest ”iga-
.L~on,Of t.hc four. :strn.igllt.,V- botto:ti(flat fo’re and af t) plan-
in<; sur:f(zc,e.sNos. :7 to 1“0, iil contrast with t“he flat ~,l,all.ing
Su,llfmc(:.A, is to esta”bli.sh tll,~c<feet of the dea.d” rise ~oll
the yes istance , rlor~,.,nt,,netted. surface,. spray f’or~atio~,.
and pr,essn.re.fi. istri”oution. The width A of each planing
snrfa.ce is 0.3 m, .~nd they fiave beer~ tested at a speed ,j,f”
.6 m]s qnfi,a load of 18 “’LF..g,in comparison with the .r’unsi~o;s.
42,.to,,52-W>tlithe ..plan,ini;surface A described in refe’ze,nc.e
.;1”..~qe.pressure distribution and t~~e spray formation }av’,e
been ,de.termine,d...a,tidentical spe,~d,.ar,d load for., a =,,4,,, ‘“
6°, agd,.8”0. .($~e” fig, 12. ) . ,.

. .. .. ..’. .,
.,. : . . . ., ’:.

,.: The ,spray contours at the side of the plariing ,surfa’c”e
and,.tk~e hollow waice or trough aft ‘of it , wei-e me’a.sur.ed, in
a number of longitudinal and lateral pla-nes,by means “,of
measuring needles which are self -lockiqg ~~llderspring pres -
s,ure (as shown -in fig. 13). The plotted ,c,urves are the up-
per boundary of the sheet of spray. Isolated spray-s that
‘l-e”avethe main body are dj sregarded. The power of the
spray ..which cnn vary withi~l the contours; .,can‘be gaged from
the .apne;ldedp~:;oto~raplls.. ,, : .-,..., ,;,:

1 ,, . . .
. ,,.. . . .“:. . .. ,..

—

.
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‘fftif-ti-ne@larAing surface where. a large pressure drop ““occurs.
-..:(j~fi~G’~fi@~lY*for.a thorough analysis it j.si~portant’to
“~be’”a%le ~b:’draw “on records of pressure .distrlbution” across

the ~laiii:iig%Ottorn. A“detailed accountof the testpko-
‘cedur.e .+~n~,:’scope’for the flat planing surface A is given
iti”’:f’~,feiefice1. Tfiere, by assuming that the deviation of
~Iitistre~.rnl”ifi~sbeheath the planing surface from the direc-
ttok Of ’lZIOtiOilwas ‘unimportant, the speed:d.ecrease under’
%he’,~lafii~g’surface could hedefined on the basis of th’e’
prbssufe’~d..fstributibn and introduc&d as a factor in the
dbinjiu.tat’ioil bf th6 frictional resistance. But this assump-
-ti~~~:-is”’flot”’presumabl e with V-bottom surfaces. Conseq.uent-
1~~~‘,i~’~tlle:”~stin:atiouof the resistances “of different V-
bottofis bnl~.a resistance change paral.lel~to the change
of the wetted surface can Ye determined. However, a~ter
:the”divf”sionof the resistance of (longitudinally straight)
pl,ai~ing surfaces at ITtot = A tan CL+T/cos a is confirmed

“by ‘the results of the fla~ planing surface A, the use of
“the[pr.essure distribution across the V surface for comput-
in~’the friction is :10 longer necessary,.-.,,.,,...:.:
. ......, . ‘Eacll”jla~ing surface was provided tiith about 90 pres-

., ‘stir”~~rific~s arraaged in three longitudinal rows and a
riumb’e:of transverse rows. ~bure 14 s~iows one”orificetip: =.

The: $.isc~la.rgeorifice diameter was 2’m~and on three sur-,.-:.
facGS” l“m for check testing. The glass tubes above the sta—
stations were mounted on a support. For” the”.test the plz&--
ing surface was, fixed at the trim angle established in the
resistance measuremerits. When the Vater is calm,, the wa-
ter yressure ‘can be indicated ‘by”?.nar:~:iagon the glass. ‘To
detect any mutual interference between successive test ori-
fices, sever~.1 test runs rere made in which only on”e ori-
fice.ua.s kept open; the others rere closed.with Plastilir.e
but no noticeable differences could be &etected”i ‘Tlie check
tests ~:ith the 1 mm orifice diameter revealed as a result
of tl:e greater throttling of the e:lteringwater. a smaller
fluctl?atioil in the -:<atercolumn wit’bout, ilo?ever,, affecting
the average. It required on the average. three teit ru”~15
for ea.c~ trim a.n&le, so that minor speed discrepg.~,cies ‘“
were inevitable. Consequently, the experiments cannot”
clai~:~to give the pressures with aa accuracy of more than.,
about’:~5 perce-%t.

,..
.. ,.

The recorded maximum pressures for ali suifac”es aie
substantially ‘(~elowthe d~ilaaic pressuk’e which at v ‘= “G’
m/s, is 0.1835 kg/cna or 1.835 I:iZlwater, pressure. Even. .
thou~h the ra,n~e in ~~i.icht-he dynami’c’pressur”e is measured

,’

.

\,
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‘ the 800 mm long tubes mus,t have proved toois very narrow,
short at times for the much closer-spaced’ orifices in the

‘--forward p-ressure zone, as these tubes change their posi-
tion relative to the pressure zone dur’ing a test run even
with the least ~~ovement of the water. Since this,was “not
the case, it may be assumed that the dynamic pressure does
not occur on the surface.

RESULTS

Planing Surfaces A and 7 to 10
————

[

———_________ .. _____ ___—
~Run

1 “1

———————— --—

a
,y_

No .
gd’

%2 A——————,—.———————.-—— .-———A-...——————————--———

42
~ 43
-!44
-145
45
47
48
49

q50
51
52

~.1
2
3’
4
5

‘6
7

‘-~8

-Surface A: b = 0.3 m;

deg.min.

2 36
3 47
4 10
4 10
58
5 31
5 40
6 53
7 54 ‘
8 58
9 34

Surface q: b

4.670
3.050
2.701
2.602
1.935
1.717
1.635
1s062
0.784
Oe 506
0.545

== 0.3 El;

3.570
2.390
1.958
1.678
1.272
0.902
0.712
0.615

Surface 8: b=”O.3 m;

“3

“l-

34,rl 4.180
‘“”4 25 %Z ‘“3c022
‘5”25~ --2-300
46 3 ..s - 1,832

6 34 .s7
“7 44 >3 - lp163
- 8 23 .3Q\ 0.393.

A= 18 kg;

0.1845
0.1600
0.1567
0.1538
0.1442
0.1461
0.1461
0.1505
0.1595
0.1669
0.1761

I

—————————--——4 ..-————

M* 1 t~———
“A II ir—————————__.___.._——

v = 6 n/S

2.657
2.145
2.013
la839
1.172
1,308
1.215
0.836
0 ● 570
0.450
0.404

v=6 m/s

0.1710
0.1583
0.i555
0.1550
0.1594
0.1661
0.1?61
0.1861

2.255
1.670
1.409
1.215
0*93Q
0.662
0,528
0.458

A=18kg;”v=6m/s

0.1945 2.280
0.1905 ‘1.945
0.1711

I
1● 570

0.1667 1.274
0.1673

I

1*128
0.1700 0-845
0.1745 0.70’5

0.633
0.597
0.704
0.72”9
0.7.48

0.752
0.760
0.767
0.785
0*740
0.733

,.

G

,’?

\

J_Ml ‘Is 61=4 0.866 J 0.1816 L 0-568 I
.——— —--.-—.—— ____—— .——— ——----.-————————————

~Axis of ~~omel~ts is after, edge of keel line,

. —



I
.

N.A.!?.A. Technical Memorandum No. 739 16

I

I

1

1

I

i

I
\

~

!

,.
1.

I

Planing Surfaces A and 7 to 10 (cont.)
_—— ——————————————-———----- ——

1 -1
~-–———————-——————————.—

Ru,+ )jI F“l w I M*
. .

No . T=.a ‘ “ “’ ~“” c ‘z. i%——.— ————————————._———_——_—_————_———————————————————__

../
-+ 17

’18
19
20
21
22

Y 23
24
25

“ 26
‘Y 27

Surface 9: 1
deg. min.

+
-3 55 .9-L
“4 46 27

c...~ .5 34 .57
~646n
- 7 12, .?0

7 37 .62
< 8 15 .25

8 40 L-l
Q9 17 .2%

9 47 .le

-J10 00

/.’ 28
29

‘“J 30
\ 31

32
33
34
35

‘= 0e”3 rq; A
.,

4.370
3.443
2.730
2.038
1.853

1.479
1.342
1.245

1.155

‘6-)mls18 kg; v“= _,
w

0.2083 ‘
0.1960
0.1900
0.1922
0.1910
0.1910
0.1933
0.1944

- 0.1955
0.1950
0.1972

Surface 10: b = 0.3 m; A = 18 kg; v = ,6””n/s

“2 55 9%

“3 15 ,’;
4 10 “’7
4 10 “’7

-J6-
,7 5(j ,$:

“8 15 ,L$-

“ 10 5,,:

6.600
6.245
5.328
5.328
3.790
3.368
3.145
2.225

;

i ;:33;;1

0:2434 ‘
0.2423
0.2467
0.2489
0.2572

2.203
1.900 a

1.607
1.316 ;

1.179 :/
1.107 ~
0.968 Q
0.890
0.832
0.765
0.762

c,

2.753
2.548

:

2.160 >\
2.160 ~.,
1.675 ““.
1.440
1.258
1.107

The plot (fig. 15) shows the ailgle of trim a versus

wplaning number c = ~, moment coefficient Cti= #5 and

~!
surface factor CF = —— of planing surfaces number%’ 7 to

b2
10 and flat surface A. Tan a is tile common asymptotical
limiting value of the c curves. In accordance with the
theoretical analysis, the result shows an increase in re-
sistance rising steadily with increasing’ angle of dead
rise as the wetted surface increases. The harmful effect
of the angle of dead rise diminishes as the trim angle in-
creases. because the proportion of frictional resistance
to ,total, resistance .decyeases. Figure 16 shows the percent-,C.>-
increase of the minimum resistance aS.well as the resist-
ances at a = 4° and 10° compared to that of the flat plan-
ing surface as they vary with the bottom angle ~. As the
load increases, E becoiues worse.
Is)

(See’ fig. 10, reference
Then the effect of the dead rise will be more appreci-

1
.— .— ,,,,— —

/
/’//



agaiiiklt.””’.’”f) at’- h = 4,0,;“:6P.:;,~.~d.fj?● .:.:.Th,~.’.p“l’othls,O‘shows’

the static draft V corresponding to the momentary p’o’s:i-
tion of the planing surface in planing condition expressed

::~in fr”ac.tion”sof” draft ;“V :ne’cessar~~~fb:fi“bu’oyanci A in
r~”st“pd”si’t”ion.

{:]r .....
“It’ is.‘s@”&@“t.~a~.pm/”q. diops’i.sha,rply” ~S

>,hk angle.,of” “’””’v~y~‘““ ““T ‘“in C:”: ~’S:e,,S,, “:$h:e’~ea’s,
,-,,,:,’. ,-..

i~Cr&&ses O :.;
::.1“,.., ....”.. . . .: .’

:..: :’Flanin(g s+irf’aceA’ i“+igi i9”) “s30’+s .:&’ port ion:jof” tile”:”
s“~ra”y:~profiles”’measi?re’d:‘$t @ + 4°”j”’50’”;atid”8T9 ~ phot6-
“gripli’at ~= ~o:;: a~i”d””’’ihe’pressure’ dist”’fijxitionfor

.....a+’.~o;* , :’! .: “:.,.”: ,,,, ,.,.’ ,...,,
..... . ,,.,....’

As concerns the y~q.,t.ertrough aft of the planing sur-
face: becau”se of “~he:‘amal~”,pressure’. dr”op”‘*he wate+ lea,ves
in the direction” ‘of ‘the,~laning su’rfac’e”a”~~”d,in”“the:plane:
of symmetry reac’hes ab’o~~tthe’ sam’e dep”~””n“below the wa”te’r
“level for all”’aizgl’eko:f”’tr”i’rni”‘alth”ough ali~ays deep er,,,’tha”n
the deepest po’int of the planing snrface. Tll”esurface o’f
the water in Jhe, long, trou<;h ,isalmost smooth. The trough
is’,“’~ounde”dby” tke -two” wav:es t’~at,proceed from the -sides and

“meet aft “in the p“iaiieof” synkietry.
,..

At their meeting, tfie...
water rise’s,in a jet: forming a roacll~ “This roach ‘moves,”~,.,..,
,,rea”r”f{”a~dwith :“i”l~Cr&as,i”ng“’angl’~””:o“f tr’ir,as, well ‘as with: ‘in-
“’creasing ”””hea’rn”of the’ ~lan’ipg sw”rface. ‘,With “increasing
speed and simultaneotis de’cr’ea”seof””ih:e’””loadon the planning
surf.f:ce,a case analogous to the take-off cycle”, the roach,.

““’’moves in ,t;O&;aidthe” step; ,This’means “that in’ take-off,.
s-nort”ly”before ‘the”get~amay t’he after body may ’be again. . .
we’tted ~yj sprpy” ‘:fr’orn.the” roach, with’ wh’ich a. consid.e,r’~.~le
inc’rei,sp ifi res’ijstance is entailed.’. .“,,,, .,... .. ..., “. -’, ,“

‘;~e~~.us,e ‘o”f ‘the’ “n]arkedpre”ssur~”’”d~~’~, the lateral spray.,...,,.
“’r.i$’e,$~st&e~ly at the si”de edge anil”’h~~s,,,oat the rear edge
.pf”.tlie””~ia.ningsurf ace”,,“w~ic,h ,co”rfes’pond,sto the location.. .,:...,. .:..’—= ——.._——._—__,————-.-——..——.-—------..-—..—— -----..-—.-——--—.———.--——— ——— ———--——....! , ...
*T]li&I”~er~rt count.o.ill.s0111J7a.. small part of the charts and
photographs ; corlpletc sets m:~y be obt.~ined l~”j.t$e, cost of
reproduction from t~le H. S.V.A.

—
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of””th’estep of a float, approximately the same height and
bfeadth at all” angles; The spray continues to spread out
aft ~of the plani~g..surface as the tyim angle increases.
Thds ’p#ay “foriiing’”atthe front edge”of the wetted surface
“~lows”;out lat’e”rally in the direction of the bottom of the.. . .,.,,,i,s~rface, .:

, ...;”’.‘!

‘:“:P1’aningsurface No. 7 (fig. “20): With medium V-bottom
a thim “glassy”’blist””erof, spray proceeds from the contact.
line of planing surface and homogeneous water(a in fig. 18),
and leaves laterally in the direction ,of tb.e surface as a
strong spray at ‘b. The portion ‘“marked c indicates the line
where the side and the homogeneous water meet. The water
here shoots into the air to about t’ne same height and
b~eadfk a“sw’itll the,”flat surface A, except that “the total
volume of spray”is greater than with surface A, which is
explained by ‘th’e~longer, wetted side edge and the larger
volume of displaced water. The trough is somewhat longer
than for the flat surface A, because the roach retreatsYto-
ward the rear. ..’

Flaning’ surface”~o. 8 (fig. 21): The spray on the
sides is more exte;isive ‘than with surface No. 7. The
trough maintains’ :fo”ra”short d“istance the depth of the
“rear edge of the “p’lani”n:gsurface and follows the shape of
the-V-bottom. ~~“

,.’.:;. ..... :
. Planing s~~rface Nok 9 (fig. 22): The lateral spray,

pa.Tt of which f~orms a blister, is of about the. same height

andb. readth as” for surface 3T0. 8, next to the rear edge.
Aft. :of:tile’surface, however, it has markedly “increased in
lle;igtltand breadth. The deepest point of the iro~gh is at
the..rear edge of the plaaing surface. .-!

,,...,

Planing surface No. 10 (fig. 23): .~ecause of its pro-
nounced apgle of v, the mean unit pressure is so reduced
that the~(displaced volume of water at si~all‘trim angles is
almost equal to the buoyahcy~?(fig. 17) , so that in spite
of tli.efree edges i-t is rather a question of floatin~ than
of ~laning. Accordingly, the pressure drop at the sides
is small, hence the :spray formation is not very extensive.
The trough is strongly grooved, and a long, low roach is
formed closely aft of tile planing surface. After a steady
increase in s-pray formation up to an angle of V ly’tng ‘be-
tween 132C and 100°, any su’usequect rise in keel angle
produces a marked decrease in spray.

)
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STABILITY
.=. . .. . .

If the water is in a disturbed condition the running
onto a wave crest momentarily increases the wetted -surface,
whereby the ceilter of lift is shifted forward. In the next
moment the wave trough is passed and the opposite occurs;
the wetted surface is momentarily smaller and the center
of lift shifts aft. In both cases, equilibrium by a change
in draft is reached only in part because of the mass iner-
tia. The resulting displacement of the center of lift
about its median position at wave frequency causes a longi-
tudinal oscillation. The displacement of the center of
pressure referred to the wetted length of the planing sur-
face at identical disturbance of the water is relatively
greater as tlie wetted length is less, that is, as the an-
gle of dead rise is less. Correspondingly, the longitudi-
nal stability increases with the angle of dead rise as sub-
stantiated by observation during the tests. By contrast,
the lateral stability decreases. For example, surface No.
10, at high trim angles, was markedly unstable transverse
to the direction o:F motion.

EFTECT OF TRANSVERSE CTJRVATTJRE

‘T!ieCLf.siretO ketip Loe :Jeavy” ~y)ra.y ~rom 7-Lostoij2~

down l?terzlly, le~.ds to the use of curvature in the sides
of the planing bottom, siuilar, for instance, to the hol-
low vees ~l,sedin building ylaning boats. The planing bot-
tom forms 11 to 15, selected for comparative tests, are
shown i-n section iilfigure 24.

Flaning surface No. 11 has the same angle of V as
planing surface No.. 9. Z’igure 25 shows that the minimum
resistance lies some 11+ percent lower than the minimum
for surface No. 9. The improveruent is o%teined in part
from the sides of the bottom approaching so nearly.flat
surfaces in that the lift developed at a more favorable
planing number produces a smaller resistance. The rest of
the -gain is attributable to the reaction from the issuin~
water, ‘of w-hich the direction of motioil is .cha>iged in the
curvature of tyie bo%to~.. Thins increeses the lift and the
wetted surface and the frictio~~ are correspondingly de-

, The ei~suiiigpressnre rise i:i the outside curvecreased.
. is sees in figure 26. The Srec,,terpressure drop, compared
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to surface No. 9, induced toward the edge is follo~,ed by
“a “substailtially more forceful breaking up of the water.
The intended deflection of the water does not occur; in-
stead, the mater shoots up on the side at the same angle
as with surface No* 9.” Because of the greater breaking
up, the spray pattern seems to be even more unfavorable

:’ than with NO. 9. Nevertheless, the area of the spray is
‘“&d;%”ewhatreduced, caused probably by the reduced side
length (compared to No* 9) and the reduced static displace-

‘~<mellt.”
,

Test Data of Planing Sui’faces Nos. 11 to 15
-.+—.-

j

_——.-———_.._._...——_

‘1..
...——-----_—_———_,.-.-——————L———— ———————————

Run yl
a

1

C=z

,1

M
,?70..’ —5 . ... .

———
b A“ Al)__,—— ———-=———— .-—--—— ———.-.-———__—

Surface 11: 3 = 0.3 m; ,A = 18 kg; v=6 m/s

36 ~
37
38
39
40
41 ‘
42
43
44
45
46

47
48
49
50
51
52
53
54
55
56
57
58 ‘

deg. min.

3 40
48
4 16
54
5 29
5 51
6 37
6 50
7 20
8 10
9 17

3.540
3.175
3.170
2.275

I
1.791
1.440
1.344
le228
1.000
0.789

0,1944
0.1816
0.1805
0.1739
0.1711
0.1716
0.1683

0.1694
0.1745
0.1800

Surface 12: b = 0.3 m; A = 18 kg; v=6 m/s

3 34
3 42
4 21
4 51
59
5 34
5 48
6 22
6 51
7 37
8 32
g 2

3.530
2 ● 900
2.535
1.964
1.705
1.525
1.320 I

1.137
0.963
0.757
0.672
0.606

0.1662
0.1623
0.1555
0.1550
0,1540
0.1483
0.1472
0.1440
0.1428
0.1495
0.1573
0.1650

2.150
1.938
1.937
1,500
1.350
1.205
0.989
0.919

0.825
0.710
0; 571

2.262
2.037
1-738
1.446
1.434
1.142
0. ’394
0.850
0.701
0.569
0.508

“ 0,.437
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Test Data of Planing Surfaces Nos. 11 to 15 (cont.)
————— ——..-————- —— —————————..—.-— ——.-———-—-—- ———

[ 1,

Run ~ - ‘- ___

[ [

———————————
F1 wc=– ‘M———

No. b2 A Ab”
————— ——————— ..——— — —.-——-.—..-——.-——- ——.-——————————— ———————— —

Surface 13: b = 0.3 m; A = 18 kg; v = 6 m/s

59
60
61
62
63
64
65
6“6
67
68
69
70

71
72
73
74
75
76
77
78
79
80
81
82
83

deg. min.

3 17
44
4 30
5 12
5 21
63
6 38
7-
7 21
8 23
9 22
9 55

4.925
3.760
3.100
2.418
2.418

1.676
1*488

-
1.021
0.818

0.2182
0.1922
0.1872
0.1800
0,1800
0.i734
0,1738
0.1738
0.1767
0.1822
0.1966
0.2040

Surface 14: b= 0.3m; A=18 kg; .V = 6 m/s

3 43
48
4 25
4 43
5 17
5 52
6 21
7 30
8 29
8 45
9 25
9 25

10 41

4.030
3.025
3.025
3.030
1.980
1.715
1.515
1.082
0.957

0.1945
0.1805
0.1811
0.1795
0.1700
0.1690
0.1692
0.1733”
0.1778
0.1855
0.1905
0.1916
0.2094

2.504
2.045
1,748
1.445
1.452
1.150
1.009
0.859
0.715
Oe 583
0.451
0.408

Surface 15: b = 0.3 m; A = 18 kg; v,= 6 m/s

2.230
1.778
1.780
1.480
1.180
1.032
0.884
0.666
0.604
0.536
0.483
0.483
0.42’7

84
85
86
87
88.
89
90
91
92
93

44
4 42
5 16
5 47

,,6 21
6 42
7-
7 12
8 23
99

3.390
2.630
2.035
1.780
1..590
1.352
1.173
1.053
0.874
0.805

0.2155
0.2033
0.1845
0.1778
0*1755
0.1783
0.1822
0.1810
0.1945
0.2090

–...a. —-—

1.970
1.520
1.212
1.065
0.916
0.773
0.710
0.670
0 ● 500
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The purpose of testing surface No: 12 was to estab-
lish whether with less dead rise the increase in resist-
ance du’e’’to’-tlie“dead rise, could be nullified with trans-
verse curvature. Figure 25 shows that in part values are
reached even less than those for the flat surface A. The
spray measurements (fig. 27) show that the forward spray
that came from surface N,o. 7 with the same angle of V is
flattened out by the transverse curvature. The spray is
not quite so high at and aft of the rear edge of the plan- -
ing bottom, but is laterally more spread out,

Surfaces Nos. 13 to 15, having the same angle of V,
were studied for the e ffect of different side curvature.
The resistance comparison in figure 25 reveals a 2-5 per-
cent lower minimum for No. 14 than for No. 13, which is ex-
plained by the increas~d spray reaction and its effect on
wetted surface and frictional resistance. With too much
curvature , surface No. 15, the water no longer becomes
separated at the edge until at comparatively high angles of
trim, as a result of which the additional friction at the
sides raises the minimum resistance by 4.6 percent com-
pared to No. 14.

The spray of surface No. 13 (fig. 28) is similar to
that of No. 11, but more voluminous aft. Following the
sharp vee of the planing bottom, the water in the middle
part of the trough flows immediately upward, forming two
partial troughs. Compared to No. 13, No. 14 (fig. 29)
clearly develops a stronger, higher, and more voluminous
spray , due in part to the mutual interference of the
streams of water shifted forward before the wetted forward
edge. The still more pronounced curve of No. 15 (fig. 30)
holds down the lateral spray up to about u= 15°. At
higher trim angles it flows steeply upward. Its height
and volume then are less than with NOS. 13 and 14, but iil
excess of those of surface A. This example shows that an
excessive side curvature may delay the appearance of the
pure planing condition without in any way being of use.

EI?FECT 03? LONGITUDINAL CURVATURE

According to tile pressure distribution measurement on
surface A, the pressure at the forward cdgo of the vvetted
surface where the deflection of the water occurs, rises
immediately to maxiauu and ral;idly drops again rearward.

-. .-
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If the surface is curved fore and aft the mater flowing
relatively to the surface undergoes a steady” directional
ch-ange downward, as a result of which th,e momentum,””-and c6r-
despondingly the pressure, transmitted by the wate,r per
unit surface, is greater over th,e’after unit areas than in
the case of the flat bottomi This means that the mean
pressure on the wetted surface pm = A/Fl increases, and

for equal lift F! is reduced,
tom,

compared to the flat” bot-
thus resulting in a gain of frictional resistance

WR at equal angle of trim.. Ill,figure 32 the angle of trim
a 1. for the curved surface denotes” tlie setting of the chord
corresponding to the wetted length Il.

For comparison with the flat surface A, we investi-
gated surface No. 16, having a radius of curvature R =
11,500 mm, and surface No. 17’with R = 6,000 mm. These
surfaces , 0.3 m width, had a fore-and-aft curve with con-
stailt radius, hut were flat transversely. Figure 31 shows
the minimum resistance of surface }To. 16 to be 10.3 percent,
and that of surface No. 17, 15.6 percent lower than that of
surface A. The decrease in resistance is approximately
proportional to the reduction in wetted surface. The mo-
ment is reduced. to an even greater degree than the wetted
surface, because the distance

1P
of the resultant from

the after edge of the planing surface becomes smaller as
the pressure distribution curve becomes fuller. l?igure
32, where the ratio ~n/l ‘ versus a. is g,iven for the

flat and curved surfac~s, shows how lp/l 1 decreases as
the curvature increases.

The spray (fi&s. 33 and 34) at the sides is substan-
tially less in height and volume compared to the plane
surface A, which again is due to the shortened wetted
length and to the reduction in static displacement. In
contrast with surface A, there is a deeper and wider
trough aft of the planing surface. An increasing longi-
tudinal instability is observed with increasing curvature,
which is explained in the section IIstabilityll (page 19) ,
insofar as the curvature is followed by a reduction in wet-
ted length and likewise by an increase in’ the effect of
the displacement of the center of lift in disturbed water.

,,.,. ,.

—
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Test Data of,Planing Surfaces Nos. 16 and 17
———— —————G_______ .. _____ _____ .. —.- ——— — . -——— _________ ________

“1Run ““” ~’
No.

“[ ~~ 1 c=~[ LF~I+—.——--__________..__.—-.______________________
94
95
96
97
98
99

100

Surface 16:
deg. min.

3 52
4 24
5 20
64
7 11
8 20
9 31

b= 0.3m; A=18 kg; v = 6 m/s

2,385
2.084
1.535
0,183
0.911
0.700
0.550

0.1360
0..1322
0.1317
0.1367

“0.1490
0.1572
0.1745

Surface 17: b = 0.3 m; A=18kg

101 3 00
102 ‘4-
“103 4 4:
104 4 51
105 5 28
106 6 12
107 71
108 8 36
109 98
110 11 48

2,668
1,784
1,468
1.400
1s268
1.017
00833
Om 633
0.544
0.383

0.1400
0.1266
0.1244
0.1233
0.12G6
0.1345
0.1445
0.1655
0.1717
0.2110

lF 532
1.403
1.102
0.884
0.675
0.542
0.411

v = 6 m/s

0,639
0.669
0.713
‘0.741
0.73”5
0.762
0.733

le268
1.103
0.967
0.923
0.853
0.713
0.570
0.444
0.379
0.270

0s472
0.615
0.652
0.655
0.666
0.695
0.677
0.690
0.688
0.685

In conclusion, the following statements may be made
as to the spray formation of all the bottom shapes inves-
tigated:

1. As the angle of dead rise increases, the spray
becomes higher and more voluminous, Not until extremely
sharp vees are reached, where the planing rather resem-
bles floating, does the spray formation recede.

2. Transverse curvatures do not have the ’anticipat-
ed effect relative to the restriction of spray. If a re-
duction occurs, it is minor; in many instances an increase
is observed. Excessive transverse curvatures are unfavor-
able as they are apt to delay the appearance .of the pure
planing condition. Best of, all, is a transition of the
side into the horizontal at not too rapid a rate.

3. Longitudinal ct~rvati~res, in the case of the trans-
versely flat surface”s reported ~ere, give a favorable
spray pattern.
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4. The spray is only slightly affected by the form
of’ the planing bottom. It is much more affe,cted,,by vari-
ations in the width of the planing bottom, regarding which
there will be a report later.

The comparison of the resistances of all the %ottom
shapes refers to t“he condition of pure planing. The mu-
tual interdependence that has %een found iB qualitatively
the same for load changes, and quantitatively shout the
same according to the results of tests with. the flat plan-
ing surface A; as described in reference 1. But it does
not cover the condition at the change from floating to
planing near which the resistance of a seaplane during
take-off is a minimum. It remains for special investiga-
tion to show whether Vld forms are comparatively superior .
to flat bott6ms at the maximum resistance, which would in-
volve another factor in the compromise solution that must
%e found in the design of a seaworthy airplane.

The bottom forms described here represent only a frac-
tion of those “tested. The results of the tests with other
bottom forms will be published later.

Translation by J. Va.nier,
National Advisory Committee
for Aeronautics.
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Figure 26.- Spray formation and pressure distribution
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Figure 29.- Spray formation and pressure distribution of surfaoe no.14
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Figure 33.- Spray formation and pressure distribution
at 6 m/6ec. and 18 kg load.
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